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(54) Apparatus for supporting a surgical instrument 



(57) An apparatus (1) for supporting a surgical in- 
strument in the operative environment of an imaging de- 
vice comprises components all made of a material com- 
patible for use in the operative environment of the im- 
aging device. The components of the apparatus (1), 
made of such a material, include a member (32) that has 
a spherical surface and includes a bore (50) extending 
through the member along its diameter. A grip (26) has 



a grip surface defining an aperture that is adapted to 
receive the member for rotatable movement within the 
aperture. The grip (26) extends around the member (32) 
in a circumferential path and has a gap therein. A fas- 
tener (30) is operatively connected to the grip (26). The 
fastener (30) is adjustable to change the size of the gap 
and adjust the compressive force applied to the received 
member (32) in the grip. 
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Description 

[0001] The present invention relates tn apparatus for 
supporting a surgical instrument, and particularly relates 
to a surgical tool support apparatus that is (i) MR-Safe 
and MR-compatible and/or (ii) X-Ray/CT compatible for 
use in the operative environment of an imaging modality. 
The present invention finds particular application in con- 
junction with neurosurgery and will be described with 
particular respect thereto. It will be appreciated, howev- 
er, that the invention finds application in conjunction with 
biopsies, endoscopic procedures, orthopedic surgeries, 
other medical procedures, industrial quality control pro- 
cedures, and the like in which a tool or device must be 
accurately positioned in relation to an object. 
[0002] Image guided surgery systems are particularly 
well adapted to intra-cranial and spinal surgery. These 
systems use diagnostic images of the patient to assist 
the physician with presurgical planning and to provide 
information relating to the position and orientation of the 
anatomy and instrumentation during a surgical proce- 
dure. Image guided surgery systems are well-suited for 
use in connection with magnetic resonance ("MR") and 
computerized tomography (°CT") images, as well as 
with other imaging modalities. 
[0003] In cranial applications, a patient reference 
frame may be defined using three or more points fixed 
in relation to the patient's head. According to one meth- 
od, at least three markers visible to the imaging device 
are affixed to the skin prior to imaging. According to an- 
other method, anatomical reference points are used. 
According to a third method, fiducial markers may be 
affixed to the skull, for example as disclosed in U.S. Pat- 
ent No. 4,991,579, Method and Apparatus for Providing 
Related Images of the Anatomy over time of a Portion 
of the Anatomy Using Fiducial Implants, to Allen, issued 
February 12, 1991 . Similar techniques may be used to 
define a patient reference frame with respect to other 
portions of the anatomy. 

[0004] An image of the patient having an image refer- 
ence frame is then obtained. Based on the location of 
the three or more markers within the image data, the 
image and patient reference frames can be correlated. 
Hence, the position of a feature of interest within the im- 
age can be determined with respect to the patient refer- 
ence frame. After image acquisition is complete, the pa- 
tient can be moved as desired. The patient is subse- 
quently placed in an operating room environment, for 
example on an operating table. 
[0005] The patient and operating room reference 
frames are correlated or "zeroed" by touching the sur- 
gical tool to the at least three markers. The position of 
the tool with respect to the cameras, and hence the po- 
sition of the markers, is then determined. Inasmuch as 
the relationship between the patient, operating room, 
and image frames of reference is known, the position of 
the tool with respect to the image reference frame can 
then be determined. Relevant images, with the position 



of the surgical tool indicated thereon, are then displayed 
on a monitor. The surgeon is thus provided with a real 
time indication of the position of the surgical too! with 
respect to the previously obtained image. 

5 [0006] In order to assist in the accurate positioning of 
surgical tools, neurosurgical procedures such as brain 
biopsies can be performed using a positioning appara- 
tus such as a surgical guide. The surgeon uses the im- 
age guided surgery system to assist in positioning and 

to orienting the guide. The guide is used to guide a biopsy 
needle or other surgical instrument along the desired 
trajectory. 

[0007] Green berg and Bookwalter clamps marketed 
by Johnson and Johnson Professional, Inc, a subsidiary 

ts of Johnson and Johnson, as part of their Codman line 
of surgical instruments, have been used as positioning 
devices for surgical procedures. These devices consist 
of a series of links that are held in compression by a 
cable going through the centres of the links, forming a 

20 pre-loaded gooseneck mechanism. A clamping mecha- 
nism at the lower end of the devices attaches to the op- 
erating table or to the patient restraint apparatus. A 
clamping mechanism at the upper end of the devices 
holds the surgical instrument. Several reducing tubes of 

25 different sizes are used to adapt the devices to hold dif- 
ferent instruments. Designs of gooseneck-type surgical 
positioning devices are described in US Patents 
4,573,452 by Greenberg, 5,662,300 by Michelson. Use 
of a ball joint in a surgical positioning device is described 

30 in US Patent 5,320,444 by Bookwalter. 

[0008] It is becoming increasingly desirable to per- 
form MR-guided or MR-assisted interventional surgical 
procedures, which are ordinarily conducted in the im- 
mediate vicinity of a magnetic resonance imaging scan- 

35 ner. These procedures require, however, that the equip- 
ment used be MR-safe, meaning that it will not be ad- 
versely affected by the magnetic and electric fields of 
the scanner. Furthermore, to perform such procedures 
inside the imaging volume of an MRI scanner without 
degradation of the scanner's imaging performance, the 
devices must be MR-compatible, meaning that they do 
not disturb the magnetic or electric fields of the scanner, 
and do not emit MR signals with the imaging sequences 
being used. For other imaging modalities, such as X- 

45 Ray, CT or Fluoroscopic imaging systems, the term 
compatible indicates that the device is generally trans- 
parent in an image when the device is placed in the op- 
erating environment of those imaging modalities. 
[0009] The Greenberg and Bookwalter clamps de- 

50 scribed above are fabricated from stainless steel. 
Therefore, they are not MR-compatible as they disturb 
the homogeneity of the magnetic and electric fields. At 
the edges of the magnetic field, these devices may ex- 
perience magnetic forces and thus are not MR-saf e. The 

55 introduction of an electrically conductive device can in- 
troduce eddy currents which deleteriously affect the 
magnetic fields within the MR scanner. Yet another dis- 
advantage to the introduction of an electrically conduc- 
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tive device is that the likelihood of inadvertent connec- 
tions or short circuits between electrical devices in the 
area is increased. As a result, the Greenberg and Book- 
waiter clamps are not suitable for use in MR-guided or 
MR-assisted surgical procedures. s 
[0010] As an alternative to stainless steel, positioning 
devices have been fabricated from titanium. For exam- 
ple, Bookwalter clamps for interventional MR use have 
also been fabricated from titanium. While devices fabri- 
cated from titanium are not affected by the magnetic 
fields of the MR scanner and are therefore MR-safe, 
they are not MR-compatible. Titanium devices also do 
not address the issues noted above in regard to electri- 
cal conductivity. Another disadvantage of devices fabri- 
cated from titanium is their high cost. 
[0011] The present invention is directed to a support 
apparatus that satisfies the need to provide a surgical 
guide which is (i) MR-safe and MR-compatible and/or 
(ii) X-Ray/CT transparent in the operative environment 
of an imaging device. The support apparatus allows the 
trajectory of the surgical tool be readily adjusted while 
providing stable and accurate guidance for use with a 
variety of surgical tools. A support apparatus having the 
features of the present invention comprises means for 
supporting the surgical instrument. The support means 
is adapted to position the surgical instrument along a 
desired trajectory and is made of material compatible 
for use in the operative environment of the imaging de- 
vice. A means for securing the position and trajectory of 
the surgical instrument operatively engages the support 
means and is also made of material compatible for use 
in the operative environment of the imaging device. 
[001 2] I n accordance with a more limited aspect of the 
present invention, the apparatus includes a first member 
having a first aperture extending through guide member. 
The first aperture is adapted to receive the surgical in- 
strument. A second member has a second aperture and 
is adapted to receive the surgical instrument. The rela- 
tive position of the first and second members is selec- 
tively adjustable to vary the relative positions of the first 
and second apertures thereby securing the surgical in- 
strument. 

[001 3] I n accordance with a more limited aspect of the 
present invention, the first member has a circular coun- 
terbore eccentrically located with respect to the first ap- 
erture. The second member is adapted to be rotatably 
received in the counterbore. The second aperture is lo- 
cated eccentrically with respect to the counterbore when 
the second member is received in the counterbore. 
[0014] In a more limited aspect of the present inven- 
tion, the material compatible for use in the operative en- 
vironment of the imaging device is a polymer material 
and in a more limited aspect, the polymer material is 
polycarbonate, polyetherimide, polyacetal, polypheny I- 
sulfone or polyarylethersulfone. 
[0015] In accordance with another limited aspect of 
the invention, the support means includes a plurality of 
markers placed at known locations with respect thereto. 



The markers are adapted to provide signals indicative 
of their position in the operative environment of the im- 
aging device. 

[0016] In accordance with another aspect of the 
present invention, an apparatus for securing an instru- 
ment in a support assembly comprises a first member 
having a first aperture adapted to receive the instru- 
ment. A second member has a second aperture extend- 
ing therethrough and is adapted to receive the instru- 
ment. The relative position of the first and second mem- 
bers is selectively adjustable to vary the relative posi- 
tions of the first and second apertures thereby securing 
the surgical instrument. 

[0017] In accordance with another aspect of the 
present invention an apparatus for positioning a surgical 
instrument in the operative environment of an MR imag- 
ing system comprises a surgical instrument guide 
adapted to receive and position the surgical instrument. 
A magnetic resonance RF coil is mounted to the surgical 
instrument guide. 

[001 8] In accordance with a more limited aspect of the 
invention, the surgical instrument guide is made of ma- 
terial compatible for use in the operative environment of 
the MR imaging system. 

[0019] In accordance with yet another more limited 
aspect of the invention the RF coil is adapted to allow 
the surgical instrument to pass through the RF coil. 
[0020] In accordance with another aspect of the in- 
vention, an apparatus for supporting a surgical instru- 
ment in the operative environment of an imaging device 
comprises a member made of polymer material having 
spherical surface including a bore extending through the 
member along its diameter. A grip made of polymer ma- 
terial is included that has a grip surface defining an ap- 
erture adapted to receive the member for rotatable 
movement within the aperture. The grip extends around 
the member in a circumferential path and has a gap in 
the circumferential path. A fastener made of polymer 
material is operatively connected to the grip and is ad- 
justable to change the size of the gap thereby adjusting 
the compressive force applied to the received member 
in the grip. 

[0021] In accordance with a more limited aspect of the 
invention, the grip surface includes two axially spaced 
apart annular side segments, each of the side segments 
having an inner surface. The inner surface of each side 
segment is located a respective radius from the centre 
of the grip aperture. The side segments are spaced 
apart by a central segment that has an inner surface lo- 
cated at a radius from the grip centre greater than the 
side segments. Each of the side segments have an inner 
lip that contacts the received member. 
[0022] In accordance with a more limited aspect of the 
present invention each of the components can be made 
of different polymer material than any of the other com- 
ponents. 

[0023] Ways of carrying out the invention will now be 
described in detail, by way of example, with reference 
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to the accompanying drawings, in which: 

FIG. 1 is a partial exploded perspective vifiw in ac- 
cordance with one embodiment of the present in- 
vention; 

FIG. 2 is a perspective view of a guide assembly for 
use in the embodiment shown in FIG. 1; 

FIGS. 3a, 3b are perspective and plan views of a 
portion of the guide assembly shown in FIG. 2; 

FIG. 4 is a sectional view of a grip along the line 4-4 
in FIG. 3b; 

FIG. 5 is a perspective view of a pivot ball for use 
in the guide assembly; 

FIG. 6 is a sectional view of the pivot ball taken 
along the line 6-6 in FIG. 5; 

FIGS. 7a, 7b, 7c are perspective and plan views of 
a surgical tool guide collar for use in the pivot ball; 

FIGS. 8a, 8b, 8c are perspective and plan views of 
a locking collar for use with the surgical tool guide 
collar in FIGS. 7a,b,c; 

FIG. 9 is a perspective view of a guide apparatus in 
place for use with a patient head clamp; and 

FIG. 10 is a perspective view of another embodi- 
ment of the present invention. 

[0024] With reference to Figure 1 , an apparatus 1 for 
use as a surgical guide includes a post 1 2, a rod clamp 
assembly 14, and a guide assembly 16. The post 12 in- 
cludes a jam nut 18 having threaded ends 20 and 
spokes 22. The rod clamp assembly 14 permits the rel- 
ative positions of the post 12 and the guide assembly 
16 to be adjusted in the directions indicated by the ar- 
rows. Tightening a hand screw 24 allows the guide as- 
sembly 1 6 to be fixed in a desired position. As described 
more fully below, the guide assembly 16 is adapted to 
receive inserts such as a needle collar 56 and locking 
collar 70 (shown in exploded view). 
[0025] With reference to Figure 2, the guide assembly 
16 including a grip 26, a barrel nut 28 a hand screw 30 
and a pivot ball 32. Upon tightening the hand screw 30, 
the position and trajectory of the surgical instrument is 
held firmly in place with the components of the guide 
assembly 16. 

[0026] As can best be seen in Figures 3a and 3b, the 
grip 26 includes a generally circular aperture 34 for re- 
ceiving the pivot ball 32. With particular reference to Fig- 
ure 4, a first interior surface 40 of the pivot aperture 34 
has a diameter greater than that of the pivot ball 32. First 
36 and second 38 lips define diameters smaller than that 



of the pivot ball 32. During assembly, the pivot ball is 
pressed into the pivot aperture 34, after which the pivot 
ball 32 is retained in the pivot aperture 34. Preferably, 
the diameters defined by the lips 36 and 38 are slightly 

s smaller than of the corresponding portions of the pivot 
ball 32 such that, while the pivot ball cannot be translat- 
ed within the aperture 34, it is freely rotatable therein. 
[0027] The grip 26 also includes a screw aperture 44 
for receiving the hand screw 30 and a nut aperture 46 

w for receiving the barrel nut 28. The barrel nut 28 is gen- 
erally cylindrical and includes a threaded through hole 
(not shown). The through hole is located so that, when 
the barrel nut is placed within the nut aperture 46, the 
barrel nut 28 may be rotated about its longitudinal axis 

is until the through hole is coincident with the screw aper- 
ture 44. Threads on the hand screw 30 engage the bar- 
rel nut 28. A gap 42 allows the diameter of the pivot ap- 
erture 34 to be varied. In particular, tightening the hand 
screw 30 applies a compressive force across the gap 

20 42, thereby reducing the diameter of the aperture 34. 
[0028] The guide assembly 16 includes a cylindrical 
handle portion 48 which engages the rod clamp 14. 
[0029] With reference to Figures 5 and 6, the pivot ball 
32 is generally spherical in shape. A ball aperture 50 

25 extends through the diameter of the of the pivot ball 32. 
First 52a and second 52b flat surfaces are orthogonal 
to the longitudinal axis of the ball aperture 50. Threads 
54 are located at the end the ball aperture 50 near the 
first flat surface 52a. 

30 [0030] Various inserts may be received in the ball ap- 
erture 50. With reference to Figures 7a, 7b, and 7c a 
needle collar 56 which is particularly adapted for use 
with a biopsy needle includes a cylindrical insert portion 
58 which is received in the ball aperture 50. Threads 59 

35 on the insert portion 58 engage the threads 54 in the 
ball aperture 50 such that the needle collar 56 may be 
held firmly in place. The needle collar 56 includes a 
guide aperture 60 located at the centre of the cylindrical 
insert portion 58. The guide aperture 60, which defines 

40 a guide axis, has a diameter appropriate for the biopsy 
needle to be used. The upper end 64 of the needle collar 
56 has a diameter larger than that of the insert portion 
58 and defines a shoulder 66. The upper end 64 also 
includes a counterbore 68 which is eccentric tothe guide 

45 aperture 60. Preferably, the amount of eccentricity is ap- 
proximately one-tenth the diameter of the guide aper- 
ture 60. Thus, for example, for a guide aperture 60 hav- 
ing a diameter of 1 .95 mm, the counterbore 68 is eccen- 
tric by 0.2 mm. A notch 69 indicates the direction of ec- 

so cent ri city. 

[0031] With reference to Figures 8a, 8b, and 8c, a 
locking collar 70 includes a cylindrical insert portion 72 
which is adapted to be received in the counterbore 68 
of the needle guide 56, preferably with a slight clearance 
55 fit. The locking collar 70 may also be rotatably attached 
within the counterbore 68, for example by way of appro- 
priate tapers, mounting tabs, mounting lips, or the like. 
Preferably, however, the locking collar 70, even if rotat- 
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ably attached, is readily removable from the needle 
guide 56. 

[0032] The locking collar 70 includes a locking aper- 
ture 74 which is eccentric to the insert portion, preferably 
by approximately one-tenth the diameter of the locking 
aperture 74. Thus, for a locking aperture 74 having a 
diameter of 1.95 mm, the locking aperture 74 is eccen- 
tric by 0.2 mm. The upper end 76 of the locking collar 
70 has a diameter larger than that of the insert portion 
*72 and defines a shoulder 78. A notch 80 defines the 
direction of eccentricity. 

[0033] Other inserts are also contemplated. For ex- 
ample, a wand collar is adapted to receive a surgical 
device such as a probe or wand used in connection with 
an image guided surgery system. The wand collar is 
similar to the to the needle collar 56 shown in Figures 
7a, 7b, and 7c, although the guide aperture 60 sized to 
accept the desired probe. Similarly, collars adapted to 
receive other surgical toots, such as Kelly coagulators, 
drills, drill sheaths, and the like may readily be imple- 
mented. These collars may also be used with an appro- 
priate locking collars, with the locking aperture config- 
ured to accept the desired tool. In a preferred embodi- 
ment, however, collars for use with surgical wands and 
Kelly coagulators are not eccentric as described above. 
[0034] While the guide apertures have been de- 
scribed as having a circular cross-sections, other cross 
sections may also be implemented, for example where 
it is desirable to retain a tool having a particular rotation- 
al sense. In this way, rotation of the tool within the guide 
aperture may be prevented. The apparatus may also be 
used in connection with tools for retracting tissue, such 
as brain spatulas. While the direction of eccentricity has 
been described as indicated by notches 69, 80, it will be 
appreciated the indication can be made by other means, 
for example markings, grooves, protrusions, geometri- 
cally distinct features, or the like. 
[0035] The guide apparatus 1 is preferably fabricated 
from materials such as polymers which demonstrate the 
desired MR -safety and MR-compatibility and/or X-Ray/ 
CT compatible while providing the necessary physical 
properties. In a preferred embodiment for MR imaging 
modalities, the post 12 and rod clamp 14 are fabricated 
from 30% glass filled polycarbonate, for example as 
marketed under the trade name Ultem 2300 G.E. Plas- 
tics of Pittsfield, Massachusetts. Another suitable mate- 
rial is marketed under the trade name Zelux M-GF30 by 
Westlake Plastics of Lennie, Pennsylvania. An embod- 
iment that is also X-Ray/CT compatible is fabricated 
without glass filling and may be made of the same ma- 
terial as the grip 26 and pivot ball 32 which are fabricated 
from polyetherimide, for example as marketed under the 
trade name Ultem 1000 by G.E. Plastics of Pittsfield, 
Massachusetts. The hand screw 30 and barrel nut 28 
are preferably fabricated from polyphenylsulfone, also 
known as polyarylethersulfone, for example as market- 
ed under the trademark Radel R by Amoco Performance 
Products of Atlanta, Georgia. Another suitable material 



is polyacetal, for example as marketed under the trade 
name Delrin by E.I. DuPont of Wilmington, Delaware. 
The various insert collars are preferably fabricated from 
polyphenylsulfone marketed under the trademark Radel 
5 R described above. 

[0036] Other materials having suitable physical prop- 
erties, particularly relatively high strength and stiffness, 
biocompatibility, and ease of sterilization, may be sub- 
stituted. The materials used for the grip 26 and pivot ball 
10 32 preferably have relatively high coefficients of friction, 
whereas the materials used for the hand screw 30 and 
barrel nut 28 have relatively low frictional coefficients. 
The guide apparatus 1 may also be fabricated from ma- 
terials selected for their transparency to x-radiation 
*s where it desirable to use the apparatus 1 in connection 
with equipment such as CT scanners, radiographic 
equipment, or fluoroscopic equipment. 
[0037] In operation, the post 1 2 of the guide apparatus 
1 is screwed into a suitable structure, for example the 
20 bed of an MR scanner or other imaging device or a sta- 
tionary scanner portion. The surgeon selects an appro- 
priate collar, for example the wand collar described 
above. The collar is inserted into the pivot aperture 50 
and tightened such that the threads on the collar engage 
25 the threads 54 in the pivot aperture and the shoulder 66 
of the collar 56 is seated on the second surface 52b of 
the pivot ball 32. Thus, the collar is held firmly in place 
with respect to the pivot ball 32. 
[0038] With the hand screw 30 loosened, the pivot ball 
30 32 is freely rotatable in relation to the grip 26. The sur- 
geon inserts a tool, such as a probe which is trackable 
by the image guided surgery system, into the guide ap- 
erture of the collar. The orientation of the tool is then 
adjusted, for example, by placing the tip of the probe on 
35 the surface of the patient and adjusting the position and 
orientation of the probe until a desired trajectory is 
achieved. Of course, the position of the guide assembly 
16 in relation to the patient may be adjusted as neces- 
sary using the rod clamp 14. 
40 [0039] When the tool has been properly oriented, the 
hand screw 30 is tightened. The resultant compressive 
force acts across the gap 42 to reduce the diameter of 
the grip aperture 34. The inner edges of the lips 36, 38 
engage the pivot ball 32 along substantially their entire 
45 circumference and further apply compressive forces on 
the pivot ball 32. As a result, only a small amount of 
torque on the hand screw 30 is sufficient to create a 
large clamping force on the pivot ball 32. Thus, the pivot 
ball 32 and hence the guide axis and tool are held firmly 
50 in place. Of course, the trajectory of the probe may be 
re-adjusted as necessary. 

[0040] With the tool guide assembly 1 6 and the pivot 
ball 32 fixed in place, the guide apparatus may be used 
to guide the application of various tools in respect to the 
55 anatomy of the patient. For example, the first tool may 
be removed from the guide aperture and replaced with 
an alternate tool such as a drill sheath and an associated 
surgical drill. Again, however, the trajectory of the tools 



20 



f 



9 EP 0 904 741 A2 10 



is maintained. 

[0041] Various collars may also be inserted in the piv- 
ot ba!! 32. Thus, for example, the wand collar may be 
removed and replaced with the needle collar 56. The 
locking collar 70 may then be inserted into the counter- 
bore 68 of the needle collar 56. With the locking collar 
70 rotated so that its notch 80 is aligned with the notch 
69 on the needle collar, the respective locking 74 and 
guide 60 apertures are in substantial alignment. The de- 
sired tool, for example a biopsy needle, may be freely 
inserted through the apertures and applied to the pa- 
tient. When the tool reaches a desired depth, the locking 
collar 70 is rotated within the counterbore 68. The ec- 
centricity associated with the locking collar 70 and the 
needle collar 56 causes a misalignment of the respec- 
tive apertures 74 and 60, thereby locking the tool at the 
desired depth. Hence, the guide apparatus 1 may be 
used to assist in the application of various tools while 
maintaining a desired trajectory in relation to the patient. 
[0042] As described above, it was assumed that one 
or more of the tools used in connection with the guide 
apparatus was trackable by an image guided surgery 
system. Alternatively, a position signalling device such 
as a plurality of infrared emitters may be mounted to the 
pivot ball 32. Because the position of the position sig- 
nalling device in relation to the guide axis is known, the 
position and orientation of the pivot ball 32 may be 
tracked and adjusted without using a separate, tracka- 
ble tool. Depending on the requirements of a particular 
localizer system, other position signalling devices, such 
as reflective elements, (ultra) sonic or electromagnetic 
emitters or receivers, or the like may be used. 
[0043] The position signalling device may also be 
mounted to the grip 26. While this configuration does 
not provide information as to the orientation of the pivot 
ball 32, information as to the position and orientation of 
the grip 26 is provided. Because the pivot ball 32 is ro- 
tatably retained within the grip 26, the position of a point 
along the guide axis, i.e. a point located at the centre of 
the pivot ball 32, is known. This configuration may ad- 
vantageously be used in conjunction with a tool having 
a position signalling device such as an infrared emitter 
which has a known position in relation to the tip of the 
tool. The position of tool emitter, in conjunction with the 
known location of the centre of the pivot ball 32, can thus 
be used to uniquely define the location and orientation 
of the tool. 

[0044] Markers analogous to those used to define fi- 
ducial points on the patient's anatomy may also be af- 
fixed to the pivot ball 32 or the grip 26. The guide may 
then be imaged using the scanner. Because the markers 
contain a substance visible in the image, the markers 
provide information as to the position of the pivot ball 32 
or the grip 26. The guide may also be used in connection 
with a tool which is visible in a scanned image. The po- 
sition of the tool can then be seen directly in relation to 
the image. The foregoing configurations are particularly 
advantageous when the guide apparatus and the pa- 



tient are both fixed in position with respect to a common 
support. 

[0045] The positioning apparatus may also include a 
mechanical gauge system or markings which provide 

s the surgeon with a visible indication of the guide's posi- 
tion and orientation. Such a configuration is particularly 
advantageous where the guide apparatus is used with 
conventional stereotactic equipment. 
[0046] With reference to Figure 9, the guide appara- 

10 tus 1 may also include an adaptor plate 82 which is at- 
tached to a suitable structure such as the scanning de- 
vice's patient support. A patient patient holding device 
such as a head clamp 84 may also be attached to the 
adaptor plate 82. Such a configuration provides a readily 

is transportable, rigid assembly. Alternately, the mounting 
post 12 may be adapted for attachment directly to the 
patient holding device 84. 

[0047] With reference to Figure 1 0, the guide appara- 
tus 1 may also include an RF coil 86 for transmitting ra- 

20 dio frequency excitation signals which excite magnetic 
resonance, receiving radio frequency radio frequency 
magnetic resonance signals, or both. The RF coil may 
also additionally or alternately contain a spoiler coil. 
[0048] In a preferred embodiment, the RF coil 86 a 

25 mounted to the underside of the pivot ball for movement 
therewith, for example by way of a threaded attachment. 
The coil 86 is preferably spaced apart from the pivot ball 
32 and the grip 26 so as not to interfere with movement 
of the pivot ball 32. An aperture ( not shown) in the RF 

30 coil 86 is coincident with the guide axis so as to allow 
insertion of a surgical tool therethrough. Alternately, the 
RF coil 86 may be mounted to the underside of the grip 
26 for movement therewith. 

[0049] When the surgical guide is in use, the RF coil 

35 86 will ordinarily be located near the region of the pa- 
tient's anatomy which is of particular interest, thereby 
facilitating imaging of the region when the patient and 
guide are placed in the imaging region of the MR scan- 
ner. By mounting the RF coil 86 to the pivot ball 32. the 

40 orientation of the coil with respect to the guide axis 
(shown as orthogonal in Figure 10) is known. 
[0050] Because the guide apparatus 1 may be posi- 
tioned arbitrarily in relation to main magnetic field Bq of 
the MR scanner, a multimode surface coil which sup- 

45 ports the excitation and/or detection of resonance sig- 
nals in three orthogonal modes is preferred. Such a coil 
is described in our EP-A-0 845 683, entitled Arbitrary 
Placement Multimode Coil System for MR Imaging, 
which is expressly incorporated in its entirety by refer- 

50 ence herein. 

[0051] The surgical guides of the invention are safe 
and compatible for MR and/or other imaging modalities 
such as X-ray and CT and Fluoroscopic imaging sys- 
tems. A compatible device in these environments 

ss should be unaffected by and substantially transparent 
to the imaging system. Such devices allow the trajectory 
of the surgical tool be readily adjusted while providing 
stable and accurate guidance. The guides are also un- 
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obtrusive, easy to use, and usable with a variety of sur- 
gical tools. 

[0052] One advantage of the present invention is that 
the instrument support device is both safe and compat- 
ible for use in the operative environment of an imaging 
device thereby allowing interventional surgical proce- 
dures to be carried out without affecting the image pro- 
vided by the device. 

[0053] Another advantage of the present invention is 
that it securely locks the surgical instrument within the 
support member without deforming the instrument. 
[0054] Yet a further advantage of the present inven- 
tion is that the support member is easily and more se- 
curely locked in the desired position. 
[0055] While a particular feature of the invention may 
have been described above with respect to only one of 
the illustrated embodiments, such features may be com- 
bined with one or more other features of other embodi- 
ments, as may be desired and advantageous for any 
given particular application. 

[0056] From the above description of the invention, 
those skilled in the art will perceive improvements, 
changes and modification. Such improvements, chang- 
es and modification within the skill of the art are intended 
to be covered by the appended claims. 



the first member (56) has a circular counterbore 
(68) at one end of the first aperture (60), the coun- 
terbore is eccentrically located with respect to the 
first aperture, and the second member (70) being 
s adapted to be rotatably received in the counterbore 
of the first member, the second aperture (74) locat- 
ed eccentrically with respect to the counterbore 
when the second member is received therein. 

10 5. Apparatus as claimed in any one of claims 1 to 4, 
wherein the material compatible for use in the op- 
erative environment of the imaging device is a pol- 
ymer material. 

*5 6. Apparatus as claimed in claim 5, wherein the poly- 
mer material is polycarbonate, polyetherimide, 
polyacetal, polyphenylsutfone or polyarylethersul- 
fone. 

20 7. Apparatus as claimed in any one of claims 1 to 6, 
wherein the means for supporting includes a plural- 
ity of markers placed at known locations with re- 
spect thereto, the markers being adapted to provide 
signals indicative of their position in the operative 

25 environment of the imaging device. 



Claims 

1. Apparatus for supporting a surgical instrument in 
the operative environment of an imaging device, the 
apparatus comprising: means (32) for supporting 
the surgical instrument in a desired position along 
a desired trajectory, the means for supporting made 
of material compatible for use in the operative en- 
vironment of the imaging device; and means (26) 
for securing the means for supporting, the means 
for securing made of material compatible for use in 
the operative environment of the imaging device. 

2. Apparatus as claimed in claim 1 , wherein the means 
for supporting includes a first member (56) having 
a first aperture (60) extending therethrough adapt- 
ed to receive the surgical instrument; and a second 
member (70) having a second aperture (74) extend- 
ing therethrough, the second aperture adapted to 
receive the surgical instrument, the relative posi- 
tions of the first and second members being selec- 
tively adjustable to vary the relative position of the 
first and second apertures thereby securing the sur- 
gical instrument. 

3. Apparatus as claimed in claim 2, wherein the surgi- 
cal instrument is a biopsy needle and the first and 
second apertures are adapted to receive the biopsy 
needle. 

4. Apparatus as claimed in claim 2 or claim 3, wherein 



8. Apparatus as claimed in any one of claims 1 to 7, 
including a magnetic resonance RF coil (86) mount- 
ed to at least one of the means for supporting or 

30 means for securing. 

9. Apparatus as claimed in claim 8, wherein the RF 
coil is adapted to allow the surgical instrument re- 
ceived in the means for supporting to pass through 

35 the RF coil. 

10. Apparatus as claimed in any one of claims 1 to 9, 
wherein the means for supporting includes a mem- 
ber (32) having a spherical surface and a bore (50) 

40 extending through the member along its diameter, 
and the means for securing includes a grip (26) 
made of polymer material having a grip surface de- 
fining an aperture (34) adapted to receive the mem- 
ber for movement within the aperture, the grip ex- 
45 tending around the member in a circumferential 
path, the grip having a gap (42) in the circumferen- 
tial path, the means for securing further including a 
fastener (28, 30) made of polymer material opera- 
tively connected to the grip, the fastener adapted to 
50 change the size of the gap and adjust the compres- 
sive force applied to the received member in the 
grip. 

11. Apparatus as claimed in claim 10, wherein the grip 
55 surface includes two axially spaced apart annular 

side segments (36, 38), each of the side segments 
having an associated inner surface, the inner sur- 
face of each side segment located a respective ra- 
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dius from the centre of the grip aperture, the side 
segments spaced apart by a central segment hav- 
ing an inner surface (42) with a radius greater than 
that of each of the side segments thereby forming 
on each of the side segments an associated inner 5 
lip that contacts the received member. 

12. Apparatus as claimed in claim 10 or claim 11, in- 
cluding a guide collar (56) made of polymer material 
having a guide aperture extending through the 10 
guide collar, the guide collar includes a counterbore 

at one end of the guide collar, the counterbore is 
eccentrically located with respect to the guide ap- 
erture, the guide collar is adapted to be securely re- 
ceived in the bore; and a locking collar (70) made is 
of polymer material is adapted to be movably re- 
ceived in the counterbore of the guide collar, the 
locking collar having a locking aperture, the locking 
aperture is located eccentric to the counterbore 
when received in the counterbore. 20 

13. Apparatus as claimed in claim 12, wherein the 
amount of eccentricity of the counterbore is approx- 
imately one tenth the diameter of the guide aper- 
ture. 25 

14. Apparatus as claimed in claim 12 or claim 13, in- 
cluding notches located on each of the guide collar 
and locking collar indicative of the orientation of the 
eccentricity of each of the respective guide collar 30 
and locking collar. 

15. Apparatus as claimed in any one of claims 12 to 14, 
wherein the amount of eccentricity of the locking ap- 
erture is approximately one tenth the diameter of 35 
the locking aperture. 

1 6. Apparatus as claimed in any one of claims 1 2 to 1 5, 
wherein at least one of the member, guide collar, 
locking collar, grip and fastener are made of differ- 40 
ent polymer material than at least one other of the 
member, guide collar, locking collar, grip and fas- 
tener. 
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